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complicationsAbstract Background: CT may be performed after laparoscopic sleeve gastrectomy to assess for
abscesses, perforation, staple line dehiscence, and other complications such as splenic injury or
infarction.
Objectives: The aim of the study was to evaluate the value of multidetector CT in the evaluation of
the suspected complications of laparoscopic sleeve gastrectomy (LSG).
Subjects & methods: This pilot study was designed as an observational cohort study, included 240
who underwent LSG and CT was done for 30 patients with clinically or radiologically suspected
complication even in the presence of negative UGI series.
Results: CT detects complication in 11 patients out of the 30 patients (36.7%), with no mortality.
Leakage occurred in 10%, abscess in 3.3%, hematoma in 10%, splenic infarction and portal vein
(PV) thrombosis in 6.7% respectively.
Conclusions: As LSG is performed increasingly and frequently, it is essential for radiologists to rec-
ognize the normal postoperative anatomy and identify the complications of this procedure. CT is an
important imaging tool to diagnose suspected complications of laparoscopic sleeve gastrectomy
procedure to ensure accurate diagnosis.
 2015 The Authors. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Obesity is a multifactorial, serious, chronic illness affecting
patients of all ages. Its occurrence is continuing to increase
at an alarming rate (1). About 300,000 deaths annually inthe United States (2) are attributed to obesity. Over the past
10 years, the treatment of morbid obesity has radically chan-
ged through the beneﬁts of bariatric surgery not only on long
lasting and signiﬁcant weight loss, but also on reducing mor-
tality, correction of metabolic disorders, reduction of cardio-
vascular risk and improving the quality of life (3). Surgery
was proved to be more effective in the management of morbid
obesity than diet and lifestyle medications. The two procedures
most frequently performed are laparoscopic adjustable gastric
Fig. 1 Diagram of laparoscopic sleeve gastrectomy. The greater
curvature including all of the fundus and most of the corpus and
antrum is resected (blue arrows). Staple line (curved white arrows),
quoted and modiﬁed from Chivot et al. (11).
Fig. 2 Normal appearance of sleeve gastrectomy at CT. Axial
CT with oral and intravenous contrast shows a small-caliber,
tubular stomach postresection along the greater curvature. The
surgical suture line (arrow) and abundant mesenteric fat in the
expected location of the resected portion of the stomach (arrow
head).
Table 1 Post-LSG complications detected by CT in 30
patients with suspected clinical and/or radiological
complications.
Complication Number %
Leakage 3/30 10
a. Site
-Upper part of the sleeve 2/30 6.7
-Lower part of the sleeve 1/30 3.3
b. Time
-Within 48 h 1 3.3
-5–7 days postoperative 2 6.7
Abscess 1/30 3.3
Hematoma 3/30 10
-Within 48 h 1 3.3
-Chronic hematoma 2 6.7
Splenic infarction 2/30 6.7
PV thrombosis 2/30 6.7
Total 11/30 36.7
880 T.A. Hassan et al.band and laparoscopic gastric bypass, but laparoscopic sleeve
gastrectomy (LSG) is a progressively used bariatric surgical
procedure. Sleeve gastrectomy has gained popularity, mainly
due to its fairly simple technique and its lower risk proﬁle (4,5).Sleeve gastrectomy is done laparoscopically by dividing the
stomach along its long axis and resecting the greater curvature
of the fundus, body, and proximal antrum, producing a nar-
row, banana-shaped gastric pouch along the lesser curvature
(Fig. 1). The residual stomach has a remaining volume of only
about 100 mL, causing the patient to practice early satiety and
weight loss (6).
CT may be performed following laparoscopic sleeve gas-
trectomy to assess for abscesses, perforation, staple line dehis-
cence, and other complications such as splenic injury or
infarction. CT characteristically reveals a narrowed, tubular
stomach that has a smaller caliber along its long axis. A staple
line is characteristically identiﬁed along the greater curvature
of the residual stomach (Fig. 2). Abundant mesenteric fat is
frequently identiﬁed in the anticipated location of the resected
portion of the stomach (7).
2. Subjects and methods
2.1. Study design
This pilot study was designed as an observational cohort
study. All patients underwent LSG received the routine stan-
dard clinical care. We evaluated the value of multidetector
CT in the evaluation of the complications of laparoscopic
sleeve gastrectomy in patients with clinically or radiologically
suspected complications. Written informed consent was
obtained from each patient and approval from medical ethics
committee was obtained.
2.2. Patients
Between February 2014 and March 2015, we screened the 240
patients who underwent LSG in a tertiary care hospital in
KSA. The routine screening for each patient included, an
upper gastrointestinal (UGI) series was performed 24 h follow-
ing surgery and multidetector CT was performed only when a
complication was suspected. The patients also were screened
clinically till the time of discharge from the hospital (7 days
postoperative), then during their regular outpatient clinic visit
Fig. 3 Thirty one year old female patient with post-LSG leakage and collection. Contrast enhanced CT reveals abdominal and pelvic
free ﬂuid due to leakage that was proved during endoscopic exploration.
Fig. 4 Twenty seven year old male patient with post-LSG leakage and collection. Contrast enhanced CT reveals abdominal and pelvic
free ﬂuid due to leakage that was proved during endoscopic exploration.
Clinical–radiologic evaluation of the complications 881
Fig. 5 Thirty three year old male patient with post-LSG suture hematoma. Contrast enhanced CT (A–C) reveals hypodense hematoma
(arrow in A) encircling the lower part of the staple line related to bleeding from gastroepiploic artery that was proved during endoscopic
treatment.
882 T.A. Hassan et al.for 2 months and CT was requested when any clinical compli-
cations were suspected.
Inclusion criteria: all patients who underwent LSG during
the study time with clinically or radiologically suspected com-
plications even in the presence of negative UGI series.
Clinical exclusion criteria: included severe allergy to iodine
containing contrast material and history of compromised renal
function (serum creatinine more than 1.5 mg/dL) in that case
we did the CT without IV contrast.
Between February 2014 and March 2015, we enrolled 240
sequential patients (139 males and 101 females and their age
ranged between 21 and 38 years with mean age of 25 years)
who met those criteria.
Upper gastrointestinal (UGI) series (ﬂuoroscopy) is per-
formed 24 h after the procedure for all patients using up to
250 mL of water soluble contrast material given via a straw.
As the patient swallows, one-per-second rapid sequence images
of the stomach are obtained in the frontal projection, then in
oblique and lateral projections and ﬁnally in the reverse
Trendelenburg position. We utilized Chivot et al. (11) criteria
that report that a completely normal postoperative examina-
tion shows a regular sleeve around the nasogastric tube with-
out delayed passage of contrast material and without any
additional images. Delayed passage of contrast material is fre-
quently observed during the early postoperative state, most
probably due to secondary edema of the pylorus and remain-
ing stomach.Multislice CT abdomen and pelvis with oral and IV con-
trast was done only to 30 patients with clinically or radiologi-
cally suspected complication even in the presence of negative
UGI series. Clinically suspected complications were sudden
tachycardia, hypotension, abdominal distension and severe
persistent abdominal pain. CT was done using Siemens
Somatom deﬁnition AS scanner (Siemens health care,
Germany). Unenhanced CT is performed to detect hemor-
rhage, and a sequence is then performed after oral intake of
contrast material to detect a leak or ﬁstula and ﬁnally contrast
enhanced CT is performed to identify an abscess using 100 ml
of omnipaque and 300 mg Iodine/ml (Iohexol, GE health care
Ireland, Cork, Ireland) was injected followed by 30 ml of nor-
mal saline injected at a rate of 5 ml/s using a 18 gauche cannula
at the anticubital fossa using automatic injector with 40 s
delay.
Normal postoperative CT shows a sleeve with an obviously
visible staple line adjacent to the stomach with no contrast
material leak or abscess in contact with the staple line (Fig. 2).
3. Results
Among the 240 patients screened for complications, CT was
done only for 30 patients with clinically or radiologically sus-
pected complication even in the presence of negative UGI ser-
ies and it detects complication in 11 patients out of the 30
patients (36.7%), with no mortality (Table 1).
Fig. 6 Twenty six year old male patient with post-LSG splenic
infarction and abscess formation. (A and B) Contrast enhanced
CT reveals peripherally based nonenhanced hypodense triangular
area of splenic infarction (black arrow in A). Associated leakage at
the upper part of the staple line complicated by abscess formation
of the leakage is noted with gas ﬂuid level (white arrow head in A).
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the upper part of the sleeve in 2 patients (6.7%) and in the
lower part in 1 case (3.3%). Regarding time of observation,
it was detected within 48 h in 1 patient and within 5–7 daysFig. 7 Thirty one year old female patient with post-LSG PV thromb
reveals thrombosis of the right PV seen as nonenhanced hypodense arafter surgery in 2 patients. All the 3 patients had normal upper
GIT series. In the 2 late onset cases the leak was observed in
the oesophagogastric junction, while in the early onset case it
was seen as moderate abdominal and pelvic free ﬂuid
(Figs. 3 and 4).
2. Abscess occurred in 1 case (3.3%) and was located in the
left subphrenic space. It was treated by CT-guided percuta-
neous drainage with appropriate antibiotic coverage (Fig. 6).
3. Hematoma was detected by CT in 3 cases (10%), regard-
ing the time of occurrence, 1 case within 24 h that shows high
attenuation value at CT (50–60 HU) and 2 cases within
10 days postoperative that show low attenuation values’ ﬂuid
collection encircling the sutures (Fig. 5).
4. Splenic infarction was detected by CT in 2 cases (6.7%)
and appeared as well deﬁned hypodense peripheral triangular
shaped area in the upper pole and was discovered 12 days post-
operative (Fig. 6).
5. Portal vein thrombosis was detected by CT in 2 cases
(6.7%) with extension to the splenic vein in 1 case, and in these
2 cases it was discovered within 1 month postoperatively
(Fig. 7).
4. Discussion
Laparoscopic sleeve gastrectomy is a relatively new surgical
technique introduced in 1999 (8). This procedure approxi-
mately accounts for about 5% of all bariatric surgery in
2008 (9). Sleeve gastrectomy is a technique in which a long,
narrow gastric pouch is formed by removing about 75% of
the stomach, promoting weight loss by the restraining effect
of the pouch (6). Unlike gastric banding, there is no need for
periodic adjustments with sleeve gastrectomy, but this proce-
dure is irretrievable (10).
In this study that included 240 patients, CT was done only
for 30 patients with clinically or radiologically suspected com-
plication even in the presence of negative UGI series and it
detected complication in 11 patients out of the 30 patients
(36.7%), with no mortality in agreement with Chivot et al.
(11) who stated that the overall published complications rate
ranges from 0% to 24%.osis. (A and B) Contrast enhanced CT at the porto-venous phase
ea (red arrow).
884 T.A. Hassan et al.Leakage occurred in 3 cases (10%) and was observed in the
upper part of the sleeve in 2 patients (6.7%) and in the lower
part in 1 case (3.3%) in agreement with (4,12) who stated that
postoperative leak was observed in the upper part of the sleeve
in 1.3% and in the lower part in 0.5% of their study group
cases. Etiologies of leaks have been divided. Regarding time
of observation, it was detected within 48 h in 1 patient and
with 5–7 days postoperatively in 2 patients. All the 3 patients
had normal upper GIT series.
Chivot et al. (11) explained the incidence of leaks in the 1st
48 h due to mechanical or technical errors while for late onset
(within 5–7 days) due to ischemia caused by tension and poor
wound healing. And in both scenarios, the intraluminal pres-
sure exceeds the potency of the tissues and staple lines resulting
in a leak. In the current study, the 2 late onset cases, we
observed the leaks in the oesophagogastric junction, and this
may be due to high intragastric pressure with poor peristalsis
and ischemia, while in the early onset case it was seen as mod-
erate abdominal and pelvic free ﬂuid.
Contrast leak occurred along the staple line and in the sub-
phrenic area in agreement with (13) who explained this prefer-
ential site by mobilization of the greater curvature of the
stomach after transection of gastrocolic and gastrosplenic liga-
ments, establishing a communication between the lesser sac
and the left subphrenic space.
In the current study, abscess occurred in 1 case (3.3%)
among the study group and was located in the left subphrenic
space in agreement with (11,4,12) who reported similar inci-
dence. It was treated by CT-guided percutaneous drainage
with suitable antibiotic coverage.
Hematoma was detected by CT in 3 cases (10%) in agree-
ment with (7) who reported similar incidence. Hematoma
occurred within 24 h in 1 case and CT reveals ﬂuid of high
attenuation value (50–60 HU) while 2 cases occurred within
10 days postoperatively and CT reveals low attenuation values’
ﬂuid collection encircling the stable line.
Splenic infarction was detected by CT in 2 cases (6.7%) and
appeared as well deﬁned peripherally based nonenhanced
hypodense triangular area of splenic infarction in the upper
pole and was discovered 12 days postoperative in agreement
with Chivot et al. (11) who reported similar incidence.
Splenic infarction may be explained by injury or occlusion of
peripheral splenic arterial branches when the surgeon exposes
the greater curvature and separately coagulates the short gas-
tric vessels close to the spleen.
Portal vein thrombosis was detected by CT in 2 cases (6.7%)
with extension to the splenic vein in 1 case, and these 2 cases
were discovered within 1 month postoperatively. We think that
the late onset occurrence of such complications may be attrib-
uted to quality of diet the patient was kept on after surgery
that may lead to increase the hypercoagulability state. These
2 patients were treated by long term anticoagulant therapy.
We agree with Chivot et al. (11) who reported that in the
presence of a high clinical doubt of complications, and even
when postoperative UGI images are normal, CT has to be per-
formed to search for other associated complications such as
abscess and ﬁstula. CT can also provide other important databy showing pneumoperitoneum or extraluminal accumulation
of oral contrast material; however, pneumoperitoneum alone
is an extremely common postoperative ﬁnding.
5. Conclusion
As LSG is performed increasingly and frequently, it is essential
for radiologists to understand the normal postoperative anat-
omy and recognize the complications of this procedure. In
most of the centers UGI studies remain the ﬁrst-line imaging
modality for follow-up. CT is an important imaging tool to
diagnose suspected complications of laparoscopic sleeve gas-
trectomy procedure to ensure accurate diagnosis or in the case
of mismatch between symptoms and routine upper GIT
studies.
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